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Fedtke et al contact lenses (MFCLs) have been proposed and tested as a method of controlling myopia progression.
To date, three hypotheses have been postulated for justifying an intervention with MFCLs. The first approach is based on the associations found between increased accommodative lag and myopia. [5] [6] [7] [8] It was hypothesized that lenses that reduce accommodative lag, that is, on-axis hyperopic defocus, may reduce the rate of myopia progression. It has been shown that lenses incorporated with negative spherical aberration reduce accommodative lag. 9, 10 Given that center-near MFCLs (MFCL N) have inherent negative spherical aberration, 11 it can be argued that they may potentially be producing a therapeutic benefit. The second hypothesis relies on the designs that have shown to reduce the peripheral hyperopic defocus and/or induce peripheral myopic defocus. Such an optical manipulation was proposed to discourage myopia progression. 12, 13 The third hypothesis includes a class of lenses that are designed to impose simultaneous defocus on the visual system, where one zone corrects the refractive error, while the other zone (with relative plus to the baseline prescription power) offers a stop signal (eg, concentric-ring bifocal). 14, 15 All types of MFCLs tested for the reduction of rate of progression reported an efficacy of approximately 35%-45%. [14] [15] [16] [17] On the other hand, the results obtained with bifocal or progressive spectacle lenses based on similar hypothesis remain equivocal. [18] [19] [20] One plausible explanation offered to support results with MFCLs is that perhaps MFCLs deliver a more controlled treatment compared to bifocal or progressive addition spectacle lenses, as the downward ocular deviation with spectacles can significantly reduce the therapeutic effect. 21 Depending on the optical design, MFCLs can reduce hyperopic defocus, on-axis (eg, MFCL N) or in the periphery of the eye (eg, center-distance MFCL [MFCL D]). Although, the actual theory that underpins the treatment effect still remains questionable, one could infer from the literature that, in general, MFCLs seem to offer a protective effect against myopia progression. One of the main limiting factors for using MFCLs in non-presbyopes is the unwarranted accompaniment of visual compromise. While it is expected from theory that such optics would bring in compromise when compared to SV lenses, there seems to be a prevailing argument that given some time for neural adaptation, the performance is expected to improve. Fernandes et al 22 assessed changes in visual performance with MFCL correction in a presbyopic group after 15 days of lens wear and found some adaptation effects. However, to our knowledge no studies have investigated adaptation effects, particularly when MFCLs are prescribed to non-presbyopic individuals.
Further, the majority of the studies investigating therapeutic benefit with MFCLs include custom-designed optics. However, it would be in the practitioner's interest to know the commercially available options at hand, should they be proactive enough to offer MFCLs to their progressing myopic patients. Therefore, we only explored MFCLs available in the market. To date, only MFCL D and concentric-ring bifocal "type" lenses have been explored in the clinical trials that investigated for myopia control. The underlying drive for avoiding MFCL N, albeit its potential to reduce on-axis hyperopic defocus, would have been primarily driven by concern for a presumed greater visual performance degradation than MFCL D and concentric-type MFCLs counterparts. Given that the majority of contact lens manufacturers offer MFCL N designs, we sought to gauge visual performance of such designs as well.
Although several MFCLs have been tested with respect to their efficacy in slowing myopia progression, 14, 16, 23, 24 only a few studies (with limited designs) have thoroughly evaluated the visual performance, and none have looked into adaptation with such lenses in myopic non-presbyopic eyes. [25] [26] [27] [28] Lastly, differences in visual performance between MFCLs can be attributed to differences in their power profiles, 11, 29 pupil size, 30, 31 and contact lens centration. 28, 32, 33 Based on this, the objectives of the current study were to assess the visual performance of four commercially available MFCL designs, ie, one MFCL D and three MFCL N, during an adaptation period and to measure and discuss the impact of vision-dependent factors, such as the power profiles, pupil size, and lens centration of the different MFCLs.
Methods
study design and contact lenses
This was a prospective, participant-masked, multiple-group, cross-over, randomized clinical trial in which participants wore three of five different contact lens types bilaterally. Figure 1 details the outline of the study visits. Participants were randomized into one of two groups. The multiple group design was chosen to avoid discontinuations by participants due to the otherwise extended trial duration. Participants in Group 1 were assigned to wear Lotrafilcon B SV (control), Omafilcon A MFCL D, and Omafilcon A MFCL N, whereas participants in Group 2 were assigned to wear Lotrafilcon B SV (control), Lotrafilcon B MFCL N, and Balafilcon A MFCL N. All MFCLs had high add powers, in order to allow for a direct comparison of visual performance with respect to the lens designs. The Lotrafilcon B SV lens was chosen as a control lens due to its minimal spherical aberration. 11 The 
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Visual performance with MFCls in non-presbyopic myopic eyes order of lens designs tested in each group was randomized. Table 1 details the lenses used in this trial. AOSept Plus (Alcon, Fort Worth, TX, USA) was used for disinfection and storage of the contact lenses.
The lens power for all lenses was selected based on the spherical equivalent of the distance subjective refraction performed at the baseline visit with the control lens and adjusted for vertex distance. It should be noted that, although using the same distance power for all study lenses permits a direct comparison of visual performance if the lenses were to be fitted as potential myopia control lenses, better vision at distance would be anticipated if an over-refraction was performed, in particular with the MFCL N.
Each participant was asked to wear each of the three lens types on a daily wear schedule for a minimum of 6 hours per day. In total, there were three stages for each participant corresponding to each lens type worn. For each of the three stages, the participant had to attend four visits: a lens dispensing visit, two interim visits, and a final visit. The final visit was performed after 8-14 days of lens wear. The interim visits were performed on any day between day 1 and the final visit of contact lens wear. During all four visits, a series of ocular assessments was performed, which included assessments of monocular and binocular highcontrast visual acuity (HCVA), contact lens fitting, and a questionnaire on vision and comfort with these lenses. To avoid lens bias when answering the questionnaires, the participants were masked to the study contact lenses they wore. The appointments for the two interim visits and the final visit were aimed to be scheduled before 2 pm to avoid taking measurements that might be affected by fatigue of the eyes. At the end of each stage, participants were asked to wear their habitual correction for 5 (+2) days to allow a washout period before commencing the next stage. 
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Participants
The protocol and informed consent were reviewed and approved by the Bellberry Human Research Ethics Committee, and the research followed the tenets of the Declaration of Helsinki. The study was registered with the Australian and New Zealand Clinical Trial Registry (ACTRN12611001004954) prior to the enrollment of participants. Participants were screened for general trial suitability and written informed consent was obtained prior to any clinical procedures. The inclusion criteria of the study were: myopia between −1.00 D and −4.00 D, astigmatism no greater than −1.00 DC, and experienced contact lens wearers, aged 18-25 years. Although it would have been preferred to enroll younger participants, ie, an age group in which myopia control therapies are more likely to be tested, previous experience in recruiting young myopes in Sydney proved to be very difficult, and thus the population in this study was limited to young adults. Exclusion criteria included any ocular disease or systemic disease that would contraindicate contact lens wear, or anisometropia above 1.00 D. Fifty-two participants were recruited, of whom 40 participants completed all 12 visits. There were no significant differences (P.0.05) in the number of discontinuations between the groups or lenses. Discontinuations were primarily related to unacceptable vision or discomfort with the study lenses.
Procedures
Binocular and monocular HCVA (in logarithm of the minimum angle of resolution [logMAR]) was assessed under high illumination (557±11 lux at participant eye position) using a computer-generated LogMAR vision letter chart (David Thomson Chart 2000; IOO Marketing, London, UK) at a distance of 6 m. 34 At each visit, participants rated each lens monocularly for comfort and vision as indicated in Table 2 . The questionnaire used a numeric rating scale, which ranged from 0 to 10, in steps of 1 unit, where 0 indicates lowest performance and 10 indicates best performance. Pupil sizes were measured at each of the three dispensing visits, under mesopic (80 Lux) illumination condition, using a custombuilt, infrared pupillometer. The power profiles of all study lenses were measured using NIMO TR1504 (Lambda-X, Nivelles, Belgium).
Using a Nikon SLR camera (NIKON FS-3V; Nikon Corporation, Tokyo, Japan) mounted on a slit lamp, photos of the contact lens position post-settling time were taken in straight-ahead gaze at each visit. A custom-written Matlab software was used to determine the amount of x-and y-contact lens decentration with respect to the pupil center. Positive numbers indicate nasal and superior decentration, while negative numbers indicate temporal and inferior decentration. The exact details of this measurement procedure have been explained previously. 35 analysis Data were summarized as mean ± standard deviation for variables measured on an interval scale. Performance variables (HCVA, questionnaire ratings), pupil size, and contact lens centration data were compared between lenses using linear mixed model with subject random intercepts after adjusting for visits. The interaction of lenses with visit was also tested. Post hoc multiple comparisons were adjusted using Bonferroni correction. Analyses were performed separately for the two groups. Level of statistical significance was set at 5%. Analysis was performed using SPSS 21 (IBM Corporation, Armonk, NY, USA).
Results
A total of 52 participants were enrolled into the study and 40 participants completed each stage of the trial. Thirty-five participants (67%) were female (female: Group 1: N=15 (58%), Group 2: N=20 (77%); P=0.139), the mean age was Clinical Optometry 2016:8 There were no significant differences between the groups (P=0.193) or the lens types (P=0.731) with respect to the days the lenses were worn at each of the three follow-up visits. On average, the lenses were worn for 3.8±2.1 days at the first interim visit, for 5.3±2.1 days at the second interim visit, and for 9.0±2.4 days at the final visit. Table 3 shows the results for binocular and monocular HCVAs as measured with the different lenses of each group at each of the four visits. When compared to all four MFCLs, significantly better results were achieved with the control lens, ie, Lotrafilcon B SV (P,0.05). Omafilcon A MFCL D was the test lens with the overall best HCVA (P,0.05). Group standard deviations were highest for measurements obtained with Omafilcon A MFCL N. Over time, no significant differences (P.0.05) were found between the four visits in both groups for binocular HCVA and in Group 2 for monocular HCVA. There were also no interactions (P.0.05) between lens types and visits. However, there was a significant improvement in monocular HCVA over time with the Omafilcon A MFCL N lens, which was as great as 0.10 logMAR between the dispensing visit and the final visit.
No statistically significant differences were found for any of the subjective ratings between the visits (P.0.05). Figure 2 shows the mean scores for the ratings obtained on final visit of lens wear in both groups. When compared to control, all MFCLs performed significantly worse in all subjective ratings. Among all the MFCLs, the Lotrafilcon B MFCL N lens achieved the overall highest ratings and Omafilcon A MFCL N was the overall worst performing lens. Based on paired differences to the control lens, Lotrafilcon B MFCL N lens was rated significantly higher than Omafilcon A MFCL N for distance, intermediate and near (P,0.05).
The mesopic pupil sizes with MFCLs were not significantly different from those obtained with the SV lens (P.0.05). This observation was noticed in both the groups. In Group 1, patients wearing Lotrafilcon B SV, Omafilcon A MFCL D, and Omafilcon A MFCL N had average pupil sizes of 4.7±1.1, 5.2±1.3, and 4.9±1.0 mm, respectively. While in Group 2, patients wearing Lotrafilcon B SV, Lotrafilcon B MFCL N, and Balafilcon A MFCL N were found to have average pupil sizes of 4.4±1.1, 4.5±0.9, and 4.6±0.8 mm, respectively. Figure 3 shows the average contact lens centration data for the different lens types. While there were no significant differences in Group 1 with respect to x-centration of the lens, in Group 2, the Balafilcon A MFCL N lens was slightly but significantly decentered toward the temporal side (x=−0.05 mm, P,0.05) when compared to the control (x=0.01 mm). With the exception of the Lotrafilcon B MFCL N lens (P.0.05), all other test lenses were significantly inferiorly decentered (P,0.05), when compared to the control. On average, the greatest y-decentration of −0.39 mm was observed for the Omafilcon A MFCL N lens. Linear mixed model showed no significant differences (P.0.05) between visits in terms of contact lens position, and there were also no interactions between lens types and visits. All subjective ratings showed a small but significant positive correlation (r.0.10, P,0.05) with y-decentration, indicating a decrease in visual performance as y-decentration became more negative.
The power profiles of the different study lenses are shown in Figure 4 , indicating the greatest power variations across the optic zone for the Omafilcon A MFCLs. the fourth-order polynomials that were fitted to the power profiles and the calculated corresponding areas under the distance labeled power profiles between the half chords of 0.00 and 3.00 mm. Although the greatest plus area under the distance labeled power profile was found with the Omafilcon A MFCL N lens, the area of the Lotrafilcon B MFCL N lens comprised the least plus power of all MFCLs.
Discussion
The current study showed that for the HCVAs and subjective visual performance variables, the SV control lens was superior when compared to the four MFCLs (one MFCL D and three MFCL N designs). Similarly, previous studies in non-presbyopes 25-27 also reported some reduction in vision with MFCLs but the results differed between MFCL D and MFCL N designs. Specifically, when testing a concentric bifocal lens with a central distance zone (Acuvue Bifocal), the study by Shah and Gundel 27 found a significant reduction in low-contrast VA, but not in HCVA when compared to an SV lens. Likewise, Kollbaum et al 26 reported good HCVA but reduced visual quality ratings with the two test lenses, as both featured a central distance zone. Conversely, with MFCL N designs, Montés-Micó et al 25 found a significant reduction in high-contrast VA when compared to an SV lens. In agreement with previous studies, a better HCVA was also achieved with the MFCL D lens (Omafilcon A MFCL D) used in the current study when compared to the three MFCL N lenses. The findings on good HCVA with MFCL D lenses can primarily be explained by the fact that it is easier to resolve fine details at distance with a central distance zone lens than when using the peripheral distance zone of a center-near lens. Nevertheless, the overall best performing lens with respect to the subjective response ratings (distance, intermediate, and near) was a center-near lens, ie, the Lotrafilcon B MFCL N lens. This suggests that good distance visual acuity alone does not necessarily imply good overall visual performance in non-presbyopes.
The differences in overall visual performance between the lenses can mainly be attributed to the power profile differences between the lenses and the magnitude of the plus area under the distance labeled power profiles. 
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Visual performance with MFCls in non-presbyopic myopic eyes a distinct jump in the power profile, a more gradual and smooth power transition across the optical zone occurs with the Lotrafilcon B MFCL N and the Balafilcon A MFCL N lenses. 11 As noted previously, 28 the greater the refractive power variations across the optical zone, the greater the magnitudes of higher-order aberrations and, thus, the impact of ghosting. The level of ghosting not only depends on the lens design (ie, power profiles), but also on the near add power, pupil size, and contact lens centration. 28 The latter factor is supported by the findings of the current study, as Lotrafilcon B MFCL N subjectively performed the best and was the only lens not significantly decentered when compared to the control. On the contrary, Omafilcon A MFCL N was the worst performing and most inferiorly decentered lens. 
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Significant inferior contact lens decentration with Omafilcon A MFCLs has been reported previously 28, 35 and may be due to a general looser fit with those lenses. It has been shown that a significant decentration can lead to an increase in odd higher-order aberrations, 28 which could have adversely affected the visual performance. Overall, the results of the current study suggest that MFCLs with the greatest refractive power variations across the optical zone, and/or being significantly decentered, resulted in the lowest overall visual performance in non-presbyopic myopic eyes. These findings should be kept in mind when practitioners attempt to fit nonpresbyopes with MFCLs.
Finally, the current study is the first study to concomitantly report assessment of visual performance changes with MFCLs over time in myopic non-presbyopes. Unlike the study with presbyopes by Papas et al, 36 which reported a significant reduction in subjective vision responses over 4 days of MFCL wear, no significant changes in the subjective performance variables were found over a minimum of 8 days of lens wear with the multifocal lenses used in the current study. However, a clinically and statistically significant improvement in monocular distance HCVA was achieved with the Omafilcon A MFCL N lens, which is in agreement with the study by Fernandes et al, 22 who assessed the same lens design in presbyopes over 15 days of lens wear. It is possible that the size of the plus area under the distance labeled power profile required more time from the participant to adapt to this lens type.
The exact duration needed for a complete neuroadaptation to MFCLs has been debated for decades. The opinions vary from a few days to several weeks; 22, 36, 37 however, recent data on presbyopic individuals suggest that 3-4 days of MFCL wear should be sufficient. 36, 37 However, all the studies investigating adaptation with MFCLs were done on presbyopes. Our current findings from a non-presbyopic sample suggest that the adaptation, if any, would occur in a couple of days. It is worthwhile to note that despite the fact that some adaptation effect was found for monocular HCVA with the Omafilcon MFCL N lens, there was no change in any of the subjective performance variables with this or any other test lens. This constant subjective performance suggests that over time improvement in HCVA perhaps did not impact the participants' daily visual tasks. Based on this observation, and as reported previously, 26, 28, 36 subjective measures appear to be more realistic indicators for the assessment of visual performance with MFCLs, when compared to acuity-based measures.
Conclusion
MFCLs with greatest power variation across the optic zone, a greater plus area under the distance labeled power profile, and/or lenses that were significantly decentered resulted in the lowest subjective ratings. Over time, quality of vision with MFCLs did not change in non-presbyopic myopic participants, with the exception of Omafilcon A MFCL N, which showed some adaptation effects. Abbreviations: sV, single vision; MFCl, multifocal soft contact lens; D, center-distance; n, center-near. 
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